Whether ambulatory blood pressure (ABP) load is associated with left ventricular (LV) geometry was assessed in 335 patients (range 32-72 years) with stage I-II essential hypertension by performing 24-h ABP monitoring and echocardiographic examination. Of these 335 hypertensive subjects, 116 (34.5%) had normal LV geometry, 136 (40.5%) had concentric LV remodelling, 37 (11%) had eccentric LV hypertrophy and 46 (14%) had concentric LV hypertrophy according to the relative wall thickness and left ventricular mass index. Subjects with concentric LV hypertrophy had significantly increased 24-h systolic BP (SBP), diastolic BP (DBP) and mean arterial pressure as well as increased 24-h SBP and DBP load compared to those with normal LV geometry or concentric LV remodelling while there was no difference in the above parameters in comparison with the subjects with eccentric LV hypertrophy. The incidence of patients with normal LV geometry was significantly Keywords: ambulatory blood pressure load; left ventricular hypertrophy pattern
Introduction
Ambulatory blood pressure (ABP) monitoring has been shown to be superior to office blood pressure (BP) in predicting target organ involvement in patients with essential hypertension. [1] [2] [3] Furthermore, it is supported that ABP loads are equal or even superior to mean ABP in the ability to predict cardiac target organ damage. 4 Left ventricular hypertrophy (LVH) has been documented to be an independent cardiac risk factor in both the general population and hypertensive patients. 5, 6 In addition, the structural classification of LV geometry provides useful prognostic information. [7] [8] [9] In the present study we sought to assess the relationship between the spectrum of LV geometry and ABP loads in untreated patients with stage I-II (JNC-VI) essential hypertension.
decreasing and the incidence of patients with LV-CH was significantly increasing as the degree of ABP loads were increasing. Using multiple regression analysis models with each type of LV geometry as a dependent variable and various degree of ABP loads as independent variables, it was revealed that normal LV geometry was significantly related with normal values of 24-h SBP and DBP load (P Ͻ 0.05) while there was not any significant relation between concentric LV remodelling and 24-h SBP or DBP load values. Concentric LV hypertrophy was significantly related with increased values of both 24-h SBP and DBP load (P Ͻ 0.05) while eccentric LV hypertrophy was significantly related with increased values of 24-h DBP load only (P Ͻ 0.05). In conclusion normal LV geometry is associated with normal values of SBP and DBP load while concentric LV hypertrophy is associated with increased values of both SBP and DBP load.
Subjects and methods
The study population consisted of 335 patients with essential hypertension (mean age 52.4 ± 12.3 years) consecutively selected from those who referred to our hypertension clinic. Patients were included if they were presented with stage I-II (JNC-VI) 10 uncomplicated essential hypertension diagnosed less than 5 years before the study, and were never treated with antihypertensive drugs. Presence and severity of hypertension were determined on the basis of office BP measurements obtained during three consecutive visits scheduled 2 weeks apart, by the auscultatory method with a mercury sphygmomanometer and adapted cuff at the brachial artery, after patients had rested for 15 min in the sitting position. Korotkoff phases I and V were taken as systolic BP (SBP) and diastolic BP (DBP) values, respectively. 10 Three consecutive measurements were performed at 5-min intervals and the mean values for SBP and DBP were noted.
To confirm uncomplicated essential hypertension, patients were checked for standard biology, plasma renin activity, 24-h urinary sodium and potassium plasma and catecholamine metabolite excretion.
The initial workup also included transthoracic echocardiography and ABP monitoring. Exclusion criteria included a history of coronary artery disease, valvular heart disease, congenital heart disease, hypertrophic cardiomyopathy, left ventricular ejection fraction Ͻ55%, chronic obstructive pulmonary disease, congestive heart failure, connective tissue disease, or any other clinically significant concurrent medical conditions such as renal, hepatic or gastrointestinal illness. Patients with a poor-quality acoustic window for cardiac ultrasound examination were also excluded. The study protocol was approved by our institutional Ethics Committee and all patients gave written informed consent before participating.
Ambulatory BP monitoring
Ambulatory BP was recorded using the automatic SpaceLabs units 90202 and 90207 over a working day (Monday through Friday). 11 The cuff was fixed to the non-dominant arm and the device was set to obtain automatic BP readings at 15-min intervals during the daytime and at 30-min intervals during the night-time. In keeping with current practice daytime and night-time were defined using short fixedclocktime intervals, which ranged from 10 am to 8 pm and from midnight to 6 am, respectively. 12 The patient was then sent home with instructions to perform his or her usual activities, to hold the arm immobile at the time of the measurements, note on a diary the occurrence of any unusual events or poor sleep quality, and return 24 h later. Before each monitoring session, a few BP readings were taken simultaneously with readings by a mercury sphygmomanometer to ensure that, on average, the two sets values did not differ by more than ±5 mm Hg. Systolic readings greater than 260 mm Hg or less than 70 mm Hg, diastolic readings greater than 150 mm Hg or less than 40 mm Hg, and pulse pressure readings greater than 150 mm Hg or less than 20 mm Hg were automatically discarded. The monitoring in which BP readings regarded as valid by the machine software were Ͻ90% of the expected number of readings and/or Ͼ2 h showed no valid readings, were not considered for further analysis. This consisted of the calculation of average SBP, DBP, and heart rate as well as, SBP and DBP loads in the entire 24 h and separately for the daytime and nighttime. Daytime and night-time BP loads were calculated using a threshold of 140/90 mm Hg and 120/80 mm Hg respectively.
The individual loads are the percentage of elevated readings during each time period. According to the 24-h SBP and DBP load values, our hypertensive subjects were classified into following four groups: 
Cardiac ultrasonography
The cardiac ultrasonographic study was performed by a senior echocardiographer and a Hewlett-Packard Sonos 2500 ultrasound imager equipped with a 2.25-5 MHz transducer was employed in all cases. Images were recorded on super VHS videotapes and measurements were subsequently performed off-line by two independent operators, who were blinded with respect to the patients' demographics and BP status. At the parasternal long-axis view, twodimensional guided M-mode echocardiography was performed and left ventricular (LV) end-systolic and end-diastolic dimension as well as intraventricular septum and posterior wall thickness were measured as the mean from five consecutive cardiac cycles, according to the recommendations of the American Society of Echocardiography.
13,14 Subsequently we calculated the relative wall thickness (RWT), the LV mass and LV mass index (LVMI) by dividing LV mass by the body surface area. According to rationale outlined in previous studies, 7 we divided the hypertensive subjects into four groups according to whether the LV showed normal geometry (RWT р0.45 and LVMI р125 g/m 2 ), concentric remodelling (RWT Ͼ0.45 and LVMI р125 g/m 2 ) eccentric hypertrophy (RWT р0.45 and LVMI Ͼ125 g/m 2 ) and concentric hypertrophy (RWT Ͼ0.45 and LVMI Ͼ125 g/m 2 ).
Statistical analysis
Data are expressed as mean ± s.d. Significant differences of the studied parameters between the four groups of LV geometry were determined by use of the analysis of variance (ANOVA). Post-hoc comparison were carried out by least-significant difference method.
Multiple regression analysis, with inclusion criteria at the 0.01 level and exclusion criteria at the 0.05 level, was used to evaluate the relation of clinical, demographic and haemodynamic parameters with each type of LV geometry. All tests were considered to be significant at the level of P Ͻ 0.05.
Results
Our study population consisted of 335 patients with a mean age of 52.4 ± 12 years (range 32-72). Of these 335 hypertensive subjects, 116 (34.5%) had normal LV geometry, 136 (40.5%) had concentric LV remodelling, 37 (11%) had eccentric LV hypertrophy and 46 (14%) had concentric LV hypertrophy ( Table 1) . The clinical and demographic characteristics are presented in Table 2 . Among the four hypertensive groups, there were no significant differences in gender, BSA, office SBP and DBP, heart rate and total cholesterol, HDL and LDL-cholesterol plasma concentration. The subjects with concentric LV hypertrophy were older and had significantly increased office pulse pressure and office mean arterial pressure (MAP) compared to those with normal LV geometry and concentric LV remodelling.
Subjects with concentric LV hypertrophy had significantly increased 24-h SBP, DBP and MAP as well as increased 24-h SBP and DBP loads compared to subjects with normal LV geometry or concentric LV remodelling while there was no difference regarding the above parameters in comparison to those with eccentric LV hypertrophy ( Table 3 ). The distribution of subjects with each type of LV geometry pattern in the groups with different ABP loads degree are listed in Table 4 . The incidence of patients with normal LV geometry was significantly decreasing and the incidence of patients with concentric LV hypertrophy was significantly increasing as the degree of ABP load was increasing (from 70% in group I to 50, 19 and 8% in groups II, III and IV, and from 1% in group I to 4, 7 and 30% in groups II, III and IV, respectively) ( Figure 1 ). Multiple regression analysis was performed in the entire study population in order to evaluate the relation between LVMI and various haemodynamic and demographic parameters. It was demonstrated that age, office MAP and 24-h SBP load were the determinants of LVMI (Table 5) .
Using four other multiple regression models with each type of LV geometry as a dependent variable and the above parameters as independent variables, it was revealed that the determinants of normal LV geometry were age, office pulse pressure and 24-h DBP load (P Ͻ 0.05), determinants of concentric LV remodelling was the age (P Ͻ 0.05), and determinants of concentric LV hypertrophy were age, office pulse pressure and 24-h SBP load (P Ͻ 0.05) while The parameters: office pulse pressure, 24-h pulse pressure and 24-h DBP load did not enter into the equation according to the selection criteria.
these variables did not relate significantly with the eccentric LV hypertrophy (P = NS). Furthermore, each type of LV geometry was entered in a regression model in order to identify significant relations with the subgroups of 24-h SBP and DBP load degree (groups 1 to 4). It was revealed that normal LV geometry was significantly related with normal 24-h SBP and DBP load values (P Ͻ 0.05) while there was no significant relation between concentric LV remodelling and 24-h SBP or DBP load values. Concentric LVH was significantly related with increased values of both 24-h SBP and DBP load (P Ͻ 0.05) and eccentric LVH was significantly related with increased values of 24-h DBP load only (P Ͻ 0.05).
Discussion
The main finding of the present study was that ABP load is significantly related with LV geometry pattern: normal LV geometry is associated with normal values of both 24-h SBP and DBP load while concentric LV hypertrophy is associated with high values of both 24-h SBP and DBP load.
Although increased LV mass predicts greater risk of cardiovascular events, independently of the presence of other risk factors, the role of LV geometry as an independent predictor of cardiovascular morbidity and mortality has been a controversial issue. The prospective study of Koren et al 7 showed that patients with normal LV architecture had the best prognosis; those with concentric LV hypertrophy had the worst and the other groups intermediate prognosis while there was no attenuation of risk over a period of 10 years despite conventional hypertensive treatment of most patients. The findings from the Framingham Heart Study 15 confirmed that subjects with concentric LV hypertrophy had the worst prognosis, followed by those with eccentric LV hypetrophy, concentric LV remodelling and normal LV geometry. The role of LV geometry as an independent predictor of cardiovascular morbidity and mortality was further emphasized by Verdecchia et al 9 who found that in hypertensive patients with normal LV mass on echocardiography, concentric LV remodelling was an important and independent predictor of increased cardiovascular risk.
Previous studies have suggested that ABP is closer related to the measurements of LV mass or wall thickness than clinic BP [1] [2] [3] 16 and regression of LVH is predicted much more closely by treatmentinduced changes in ABP than in clinic BP. 3 In our study, office MAP along with 24-h SBP load were found to be the determinants of LVMI. The patterns of LV geometry have been used by certain studies in order to develop prognosis-based normal limits of ABP monitoring. 17, 18 It seems that ABP elevation plays a primary role in the pathogenesis of concentric LV remodelling and concentric LV hypertrophy, while patients with eccentric LV hypertrophy have relatively low levels of ABP despite increased LV mass. [17] [18] [19] However, opinion is divided regarding the effect of both circadian BP variation and variability on LV hypertrophy and it is still an open question. 20 Among the parameters measured in ABP monitoring, the BP loads seem to be one of the most important, as they related to LVMI more strongly than the mean 24-h BP values. 4 White et al 4 found that if ABP load was more than 40%, the likelihood of increased mass was greater than 61%, whereas if it was less than 40%, the incidence of an abnormal cardiac test result decreased to less than 17%. The authors suggested that patients with mild hypertension who have more than 40% abnormal ABP load values should strongly be considered for antihypertensive therapy. In agreement with this study, we found that LVMI was significantly related with 24-h SBP load along with MAP.
Although the risk of cardiovascular events is reduced by antihypertensive therapy, treatment of large numbers of patients prevents only a small number of events while many patients suffer complications despite intervention. 10, 21 This suggests that the intensiveness of treatment given to each patient should be better matched to his individual level of risk. Therefore, there is a need for markers of patients at especially high risk and need for intensive treatment among those who refer for elevated BP. Towards this end, we focused our attention on the role of ABP load in predicting LV geometry pattern. The present results show that within a population of stage I-II hypertensive subjects, normal LV geometry is related to normal values (Ͻ20%) of both 24-h SBP and DBP load, while the pattern of concentric LV hypertrophy (LV-CH) is related with high values of both 24-h SBP and DBP load (Ͼ20%). In the group of hypertensive subjects with normal values of ABP load the incidence of normal LV geometry was high (80%) while the incidence of concentric LV hypertrophy was very low (1%). In contrast, in the group of hypertensive with abnormal values of ABP load the incidence of normal LV geometry was low (8%) while the incidence of concentric LV hypertrophy was high (30%). Decision making in the clinic would be much easier if one could use ABP load partition values to separate individuals with a benign from those with an adverse prognosis. Our results, along with the fact that LV-CH is associated with increased cardiovascular morbidity and mortality, make the finding of high BP loads a good reason for aggressive treatment of individuals with mild to moderate hypertension.
In conclusion, normal LV geometry is related with normal values of ABP loads while concentric LV hypertrophy is associated with high values of ABP load in untreated subjects with mild to moderate essential hypertension.
